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EFFECT OF SIGNIFICANT  CLIMATIC  FACTORS 
ON AGRICULTURAL  PRODUCTION AND INCOMES 

A NEW ZEALAND  EXAMPLE 
W. J. MAUNDER 

Department of Geography, University of Victoria,  Victoria, B.C., Canada 

ABSTRACT 

Recent  studies  relating to  the  human  use of the  atmosphere  have  emphasized  the need for  investigations  into thv 
economics of weather  and  climate.  They  reveal  that  little  attention  has  becn given b y  nxt,eorologists to  thc nou- 
scientific gains of their profession. Of the  many  gains,  those  affecting  the agricult1Iral community itre of primnry 
importancc.  The  technique of assessing the gains  associated wit,h monetary  variations i n  agricultural  prodnction is 
examined  through  the  use of a n  “agroclimatologicnl model”  for  several  agricldtural  prodllcts iu  Xcw %cal:uld. 

The  most  significant  partial  correlations were examined,  thc  sllbsequent  analysis  indicating  the importancc: of 
climatic  variations on various  aspects of ngricult1lrd  prodwtion,  and  their cffcct,s 011 :Lgricultur:d inromcs. Tlw 
major  finding of the  analysis  is  the significance of climatic  factors in  their infi11cncc on h t t c r f n t  prod1lct,ion, a “sig- 
nificant”  climatic  variation  such ‘as a “wet”  January,  for  example,  being  “wort.1~”  about $N.Z. ‘2 million to  t,hc dairy 
farmers  in  South Auckland-New Zealand’s  premier  dairying a w l .  

1. INTRODUCTION 

Considerable emphasis has been directed  in  recent 
years  toward assessment of the  potential effects of weather 
modijication on various  types of activity.  Recent  studies 
relating to the  human use of the atmosphere (Sewell [4]) 
have emphasized, however, that there is an  urgent need 
for  investigations into  the more basic question of the 
effect of weather on these  same  activities. 

A preliminary effort to assess the  nature of economic 
and  related benefits associated with  the  program of tfhe 
World Weather  Watch  has been made  by  Thompson [5]. 
His survey of the  literature, concerning the economic and 
other gains which may be expected to accrue from the 
implementation of the World  Weather  Watch  program, 
reveals that little  attention  has been given by meteor- 
ologists to the nonscientific gains of their profession. 

Of the  many gains that should  be considered, those 
affecting the agricultural  community  are  perhaps of 
primary  importance,  and the gain or loss of income from 
agriculture  through the effect of climatic  variations on 
agricultural  production is of real concern. 

Toward  this  end  an attempt is made  in  this paper 
to assess the effect of significant climatic  variations 
on agricultural  production in New Zealand and  its  ultimat’e 
impact on agricultural incomes. This assessment is  made 
through the use of a regression model described in  detail 
elsewhere (Maunder 111). Although the model mas de- 

veloped t.hrough the investigation of agricultural  produc- 
tion in New Zeland, it could be applied with modifications 
t.o tlgriculture in other  countries too. The techniqtte o f  
assessing the gains associated with monettwy nritxtions 
in various  kinds of activit,y  (in t’his case tqyicultjure). 
could  also be used to trace  the  impact o f  weather changes 
on other aspect*s of the economy. 

2. METHOD 
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FIGURE 1.-Locati on map: counties and climatological stations 
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The climatic  records thus available were  used in 
conjunction wit,h t,he agricultural  records  for  the  county 
within which the  climatic  station was located or the 
nearest  appropriate  county. Accordingly, 27 climatic 
station-county  pairs mere available, and  the appropna’te 
agricultural data mere assessed for each. No data were 
therefore  examined  for the  other 93 counties  in New 
Zealand. The locations of counties  mentioned  in  this 
paper (13 of the 27 analyzed) and  the paired climatic 
stations  are shown in figure 1. 

Analyses were made for  each of 18 agricultural  factors, 
these  factors  being  divided  into  three divisions-crops 
and  butterfat production, wool and  meat production, and 
apple  and  pear  production. Monthly climatic data  (the 
same for each agricultural  factor  and  for each county) 
were  used for crops and  butterfat,  and seasonal data were 
used for the  other  factors (different data for the two 
divisions). Separate analyses  were made for each  relevant 
agricultural  factor  in  each county  or  area;  thus, in the 
case of wheat production, 16 analyses  were made since 
wheat  production was considered to  be  important in 16 
(of the possible 27) counties. 

The analyses or agroclimatological models  used  were 
in the form of a  multiple regression, three different 
models being used for the  three divisions of agricultural 
factors described above. The  relevant  equations for these 
models are shown in table 1. In  table 2, a specific  example 
of model I is given for butterfat production as it applied 
to  the  Waikato  County,  center of New Zealand’s principal 
dairying  area. The application of the detailed  results as 
given in this  table is explained in the following section. 

3. SPECIFIC APPLICATIONS  OF  MODEL 
In  order to  estimate  the “effect” of variations in several 

aspects of the climate (specifically, rainfall,  mean tem- 
perature,  and  sunshine) , the measure specijic  climatic  vari- 
ation was formulated,  and is defined simply as a  variation 
from the average of one standard deviation. A month \vas 
described as “met,” “warm,”  and  “sunny” if the de- 
parture from the average  rainfall,  mean  temperature,  and 
sunshine was at  least one standard deviation  above  aver- 
age, respectively, whereas the  terms  “dry,” ‘Lcool,” and 
“cloudy” were applied to  months  having a  similar nega- 
tive  departure from the average. In  the  Waikato  County, 
for example, a  “wet”  October had a  rainfall of 6.29 in. 
(4.34” 1.95), and  a “cloudy” February, a sunshine dura- 
tion of 158 hr. (186-28). The coefficients in  the multiple 
regression equations associating agricultural  production 
with  climatic  variations were then used to  estimate  the 
“effect” on production of those specific climatic  variations 
found to  be significant. 

The analysis showed, for  example, that mid-spring 
(October)  rainfall  variations at the  Ruakura climatological 
station were significantly associated (at  the 0.5 percent 
level) with  variations in the  butterfat production  per cow 
in  the  Puketaha  herd  testing group in the  surrounding 

TABLE 1.-Agricultural  factors 

Model I’ 

Wheat yield per  acre 
Oat  yield  per  acre 
Barley  yield per  acre 
Potato vield ner acre 
Fka yieid  pecacrc 
Corn yield  per  acre 
Onion  yield  per acre 
Tohacco yield Der  acre 
1)utterfatyicld per  cow 

-~_____ ~. 

Model II’* Model III*** -___ ”” 

Wool per  sheep  shorn  Apple  production 
Wool per  acre 
Meat  per acre 

I hpplc production  per trw 1 Pear  production 
Pear  production  per  tree 

where  y=agrlcultural factor. 
* y = a o + a ~ x ~ + a ~ ’ x ~ ~ + a ~ ~ +  . . . +~I@IS 

tl=time (season 1933\34=1,  1934/35=2, etc. i l l  most c a ? . S ) .  
x2 . . ., zs=rainfall: Oct., Nor. ,  Dec.,  Jan., Feh. 
x:: . . ., x,~=mean temperature: Oct., SOY. ,  k c . ,  Jan., E’el). 
xI1. . . ., z15=sunshine: Nov., Dee., Jan.. Fel). 
* * y = a ~ + a ~ z ~ + a ~ r ~ +  . . . + nix7 

x,=timc (season 1949/5.)=1,  1951/52=2. etc. in many  cases). 
z2, z3, z,=rainfall: previous  summer,  previous autumn. previous  winter. 
x5, 51, z:=mean temperature:  previous  summer,  previous autumn. prcvious 
***v=ao+a~x~+a~‘r~?iazz~+ . . . + OIIXII 

where  y=agricultural  factor. 

wiuter 

where y=agicultural factor. 
t,=time (season 1941/42=1.  1942/43=2, etc.). 
zl ,  x3, X,, zj=rainfall:  previous autumn, previous  winter,  spring, sunmer 
I(, z j ,  x8=mean temperature:  previous  winter,  spring, sunmer. 
zO, zip, xl1=sunshine: previous  winter,  spring,  summer. 

Waikato  County.  The coefficient of October  rainfall in the 
regression equation (see table 2) is  4.66 (sttmdtwd error 
l.OS),  hence the “effect” of a specific climatic v~triation 
(1.95 in this case) from the average  October rainfull (4.34 
in.) is 9 lb. (4.66X 1.95) for tm October  with u rainfnll 
1.95 in.  above  avemge,  and -9 lb. (4.66X - 1.95) for an 
October  with  a  rainfall 1.95 in. below average. (The 
standard  error  in each case is 2 lb., 1.08X1.95.) I t  may 
therefore be suggested that, if all other  factors  remain 
constant, a “wet”  October  (one standard  deviation  above 
average) is associated with  an  “increase” in the  Waikato 
County  butterfat yield of 9&2 lb. per cow, whereas (1 

“dry” October  (one standard deviation below average) 
is associated with a corresponding “decrease” in pro- 
duction. 

The utilization of such w. method  enables one to sllpgest 
that once in say,  5, 6, or 7  years  (assuming a normd 
distribution of climatic data), production o f  a specific, 
climatic  variation  such as a “dry”  October would be in 
the order of 2 lb.  Further, t,he  value  or economic sig- 
nificance in terms of agricultural income of such a \-ariation 
in production, may  be  assessed by  multiplying  the per 
acre or per  animal  variation by  the  particular  total acreage 
or  total livestock  population. 

The main  criteria for such  an assessment of the effect o f  
significant climatic  variations in terms of agricultural  in- 
comes  were the  agricultural  production for the  particular 
area  (the 1961/62 seasonal  production being taken as the 
production  index),  and the wholesale or farm prices pre- 
vailing in 1964. For example,  in Waikato  County  the 
partial  correlation  analysis showed that  the effect of n 
“met” October was to “increase” the  butterfat yield per 
cow b y   9 f 2  lb., and  the climatic data  at  the  county 
climatological station  Ruakura for the period 1936/37 to 
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v .  I . \RI,E 2.-,Spccijc  rmmple qf model I* aho?cing the eflect of climatic  variations  on  butterfat  production in the Waikato  County,**  and the 
appliccrtion of 1he.w  speci'c data  to  evaluate the value of a climatic  departure of one standard  deviation  jrom the average 

Standard error 
of rrpression 
mliicient 

_____ 
1.m 
1.37 
2.42 
1.35 

I' ((Z) Partial rz 
Significance level 

18. i 0.5 0.73 
5.5 10 0.44 
8.2 2.5 0.54 
15.9 WI. 6 0.05 

1 (I .  09 
11.91 

0.2 i o  n. 03 
9.8 
3.2 ZJ 

2 0.53 

0.: ill 
0. 32 

1. ' 25 0. 20 
0. u4 

0.2 70 0.03 
0.2 70 
13.2 

0. 02 
1 0.65 

3.8 10 0.36 

of one standard climatic effect 
Climatic effect ' \-slue or 

yieldjcow (Ib.) 
deviation on per cow (CY.%. I 

........"..".. l"..."..."." 
"2 ~ "S1.7f0.6 

;*4 ! $2.0*1.1 
I . "  .""""". 

-4f3 I -$I. lf0.8 
! 

................ 
............." I:::::: ."...... 

. . . - . . . - . 

-5f3 
7f2 ~ $2.010.6 

--81.4f0.8 

Value of climatic 
effect per county 

( W . Z . )  

Is:i9/6o indicnted that, such "wet" conditions occurred 
c)n('e in 6 years. The  factory  to  farmer price of butterfat in 
Sovernber 1964 wns $0.2S2 per 1b.l; t,herefore, if this price 
is :lcrepted as 11 measure or index of t,he value of butt.erfat 
~)roduc-tion, it follorvs t,hat$ an "increase" in butterfat 
prodlwt>ion of 9 5 2 11). per cow has R "value" of $2.6rrt 0.6 
I)er CON.. Ftlrtlrer, in order to  nssess the  ralue, or economic, 
sipificnnce in terms o f  tlgricultural income, of such  an 
incrense per cow in the  butterfat production of the  Waikato 
County, one map  multiply  the above  value by  the  dairy 
row populntion in t,hat  County. In  1961/62, this was 
102,IXO; therefore, assuming t'hat all dairy cows were 
:lffectetl in the  same wny-that is, an increase in t,he yield 
per c o ~ v  o f  9-+2 lb., it, follows that  the "gain" in revenue 
f m n  btttterfnt3  prodwt,ion  for the whole County would be 
:\1)1~roSim:lt,el~ $260,OOOi 60,000. In  t,he areas  adjacent to 
the Wtliknto County, however, nre over 0.5 million dairy 
WIYS; :1ccordingly  t,lre  "gain" in revenue from butterfat 
I)rodwtion would  be in excess of $1 million f300,OOO. In 
effect this cnn be considered ns an  approximate index of 
the effect  on  fnrm  income from butterfat production in 
the  Wnikato  area if "wet" conditions occur in  October. 

4. AGRICULTURAL  FACTORS 
In order that  the effect  on production and  agricultural 

incomes could be nssessed  on a national basis a collation 
of the  vnriow pnrt.ia1 correlations significant at  the 2.5 
percent level was mnde. For this  purpose one  example of 

I All priws are in New Zraland dollars 6N.Z. l.O=$U.S. 1.12), and are based on those 
ruling in November 1964. 

each of the agricultural  factors  found to  have a significant 
climatic  factor associated with  production is given in 
table 3.  This  allo~~--s a comparison to be  made of the effect' 
of a specific climatic  variation on production  and agri- 
cultural incomes  where n significant correlation occurs 
between the climatic and  ngricultural  factors. It is not 
possible to reduce all data  to  the same  units, but  it is 
possible to compare  similar  agricultural  factors. 

FIELD CROPS 

A comparison of wheat,  oats,  barley, peas, and corn 
shows that t-he effect of a single significant specific climatic 
variation on yields is about 3 to 6 bushels per  acre  with a 
value  ranging  from $2 to $8 per acre. On the  other  hand, 
under  similar  conditions, potato production  is  subject to a 
variation of about 1 ton per  acre  valued at  $80. 

Specifically, four  wheat  partial  correlations mere signifi- 
cant,  the effect of the specific climatic  variations  ranging 
from an "increase" of 5.7& 1.1 bushels per  acre in South- 
land  County  as a result of a "sunny" February, to a "de- 
crease" of 2.5f0.9 bushels per  acre  in Manawatu  County 
as a result of a "warm" October. The  value of these  fluctu- 
ations vaned from $3.4& 1.2 to $7.6f 1.4 per acre. Simi- 
lar  variations in oat yields per  acre as a result of the  effects 
of significant climatic  variations mere found. In  Waimea 
County, for example, a L'cool" February was associated 
with  an "increase" in  the  oat yield of 6.9f1.9 bushels, 
valued at  $5.85  1.6 per acre. Barley yield variations  from 
average as a "result" of a significant specific climatic 
variation mere about 4 bushels  per  acre, four of the  eight 
Significant partial  correlations being associated  with "cool" 
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TABLE 3.-Effeed on production and ag&dturaZ incomes* of signiificant** climatic factors: selectcd examples 

I 
Agricultnral factor Monthbason 

Effect of climatic VariationW 
Desired climate# 

Yieldlunit Valuelunit ($ N.Z.) 
- 

*Based mainly on 1884 prices, and 1981/62  agriculturfbi data. 
**At  the 2.5 percent level. 
#Relative climate associated with abooe average production. 
##One standard deviation above or below average BS relevant. 

conditions. The value of these variations  in yield  were 
about $4 per  acre. 

In  the case of potatoes only one partial  correlation was 
significant. With  pea yields, however, there were several 
significant  partial  correlations. The variation  in pea pro- 
duction per acre,  as  a  result of a significant specific climatic 
variation  was about 5 bushels per acre valued at nearly 
$4 per acre. 

DAIRY  PRODUCTION 
The outstanding  feature of the  butterfat production 

analyses was the  importance of relatively  wet  conditions 
in each of the 5 months  October  to  February. Specifically, 
12 of the 13 significant (at  the 2.5 percent level) rainfall 
correlations were positive,  a standard deviation  increase 
in  the average  October,  November,  December, January, or 
February rainfall being associated with an '(increase"  in 
the  butterfat yield of about 10 lb.  per cow. The individual 
variations  ranged  from Sf 3 to 18f 5 lb.  per cow and  had 
an  average  value of about $3 per cow. The influence of 
relatively  wet  conditions, occurring on the average once in 
5,6, or 7 years (assuming a  normal  distribution of the rain- 
fal l  data),  on agricultural incomes from  butterfat produc- 
tion is therefore emphasized. Conversely, the adverse effect 
of  dr.y conditions occurring also  on the average, say, once 
in 5, 6, or 7 years, is to "reduce" the income  from butterfat 
by  about $3 per cow. Other factors shown to  be  important 
for  above average butterfat production were relatively cool 
and cloudy conditions, especially if these occurred early 
or late in the season. (For a review of the  literature on  cli- 
matic variations  and dairy production in New  Zealand, 
see Maunder 131.) 

PASTORAL  PRODUCTION 
With pastoral  production the analyses  suggest that for 

wool production  a specific climatic  departure,  where sig- 

5.3fl.l bush/ac _____._______ 

3.8f1.2 bush/ac __________.__ 
5.3f1.6 bush/ac"- _ _ _ _ _ _ _ _ _ _  
1.14f0.42 tons/ac __._________ 

0.3f0.1 lh/sheep __._..___..._ 
10f2 lb/cow __._.___ _ _  _ _ _ _ _  _ _  
1.3f0.4 Ih/w __.___._.__..___ 

the average.  Similar definitions were used for the terms  "warm." ''sunny,'' "wet," 
tDe5ne as a month  with a sunshine  duration one  standard deviation or  more below 

"dry," and  "cool." 
TtSignilicant at  the 5  percent level. 

nificant, is associated with  a Variation  in average fleece 
weights of from 0.3 to 0.5 lb. per sheep valued at  about 
$0.2 per sheep. For  the two  other  pastoral  factors assessed, 
that is to say, wool per acre and  meat per  acre,  a  similar 
significant climatic  variation  is generally associated with a 
variation of 1 to 3 lb. of wool per acre  valued at  about 
$0.6 to $1.0 per  acre,  and  a  variation of about 10 lb. of 
meat per  acre to the value of about $2 per  acre. 

Specifically, for wool production  per  sheep,  two  partial 
correlations-both for  Masterton County-were significant. 
In these cases a "dry" autumn  and a ('cool" winter were 
both associated with  an "increase" in wool production of 
0..3f0.1 Ib. per sheep. This  variation in production  was 
valued at  $0.14&0,04 per  sheep. Two  partial  correlations, 
both for  Hawkes  Bay  County, were  also significant for 
wool production per acre. These  indicated that "wet" 
autumn  and a "dry" winter were associated with an 
"increase" in wool production of about 2.0 Ib. per acre 
valued at  nearly $1 per acre. 

PIP-FRUIT  PRODUCTION 

Three of the four  aspects of pip-fruit  production con- 
sidered had Significant partial  correlations, the calcula- 
tions suggesting that apple  and pear production vanes  by 
about 0.5 to 1.0 bushels per tree  as a "result" of a sig- 
nificant specific climatic  variation. These variations in 
fruit production  have  a  value of a  little less than $2 per 
tree  for  apples  and  a little  more  than $2 per tree  for  pears. 

5. ECONOMIC  IMPORTANCE 
An attempt to show the economic importance of the 

more significant agroclimatological associations in  New 
Zealand is now made  by comparing the  partial correla- 
tions  significant at  the m e  percent level by areas and 
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TABWE 4. -Emmic  effects of aignifieant* agroclimatologiccr2 associations** 

Vol. 96, No. 1 

Agr-icultmal factor 

Wheat.. .............. 

Oats .................. 

Barley ................ 

Butterfat+-.. ......... 

Wool/acre ............. 

Apples/tree.- ......... 
Pear production. ..... 

I I 1 EffIeet of climatic variations# 

h t h l a n d  ........... 
Feb ................... $7.M1.4/ac.. .......... Sunny ................ Southland-. ........ $sZ:CNMf19:~ Jan ................... 87.2f1.41ac ............ Cloudy ............... Sout tiand .......... 

$52 -14 ooo Oct ................... U.Ml.O/ac ............ Dry ................... 

$lO0,000fl9,000 
Waimea ............. 1 Cool .................. 1 Feb ................... $5.&1.6/ac ............ 1 $4@&12o I I 

Marlhough ........ Cloudy _____..__ ...... Nov ................... O.CH).8/ac ............ $l,30M200 
Mar.horou h ........ Warm ................. Jan _ _ _ _ _  .............. $1.8&0.6/ao ............ $&?.Of200 
Marlborough ........ Cool .................. Feb ................... $2.Mo.6/ac ............ $840+260 

Levels .............. 

$25o,M)of12,ooo $?.MO.2/cow .......... Feb ................... Wet ................... Wailnato ............. 
~,ooM6o,M)o $2;8f0.6/mw Jan Wet Wai at0 
$200,MMfGO,000 $2.M0.6/oow Jan Sunny Wal-rto 

........... ................... ................... ............. 
$26O,ooM6O,ooO $2.6f0.6/mw .. ........, Oct ................... Wet ................... Waika to... .......... 
$9o,ooM3O,ooo $4.&1.4/oow--. ....... Nov ................... Wet ................... Ohinemuri .......... 

$780&200 %4.Wl.O/ac Oct Warm Soothland 
$1,5oM460 $7.&2.4/ac Jan Cool _______.__._.____ Southland 

$2,60&sOO $4.&1.4/ac ............ Dee ................... Cool _____.____._______ 

........... ............ ................... ................. 

........... ............ ................... . 

............. .......... ................... ................ 

Masterton ........... 

$21.OOOf5.000 $5.M1.4/c~w .......... Feb ................... Wet ................... Mastertoq ........... 
$lO~ooM3:ooo $2.8+0.8/cow Dec Wet Masterton 
$W,OOOf4,OM) %.6+1.2/cow Jan Sunny Masterton 
$9 ooM2 OOo $2.2=t0.6/mw .......... Nov ................... Cloudy. .............. 

........... .......... ................... ................... 

........... .......... ................... ................ 

Masterton.-. ........ $3.4f0.8/cow.-. ....... $14; OnOf3; OOO Feb-. ................. Cool- ................. 

Hawkes Bay. ....... $l.MO.Z/ac ............ $?so, ooM16O. OOo Previous autumn”. .. Wet-. ................. 

Waimea++ ........... 
............................ .i $36. OoM10, OOO Previous winter.. Cloudy ............... Waimea++. .......... 

$1.&0.2/tree.. ........ $470,000f90.000 Smmmer .............. Wet-. ................. 

Waimea++ ........... 
...................................... j W,000f10,000 Summer Dry.. ................. 

**Based mainly on 1964 prioes snd l961/62 agricultural data. 
*At the 1 pemnt level. 

#Effect for month/seawn with ielative climate as shown.  All values are “credits.” A similar “debit” would be sssociated w-ith the “opposite” 

+Herd testing group data  in county. 
++Nelson and Mapua fruit district data  in  munty. 

relative climate. 

agricultural  factors. The “economic” effects of these sig- 
nificant agroclimatological associations are  summarized in 
table 4. 

AREA  ANALYSIS 

Only eight of the 27 counties analyzed had  one or more 
partial correlations significant at  the one  percent level, 
and 21 of these 24 significant correlations were in five 
counties-Masterton ( 3 ,  Southland (5), Waikato (4)) 
Waimea (4), and Marlborough (3). 

In Masterton  County all five significant correlations 
were for butterfat production, the analysis suggesting that 
January sunshine,  February  rainfall,  and February tem- 
peratures  were  the most significant climatic  factors. Each 
of these factors  “accounted  for” over 55 percent of the 
variance in butterfat production in the  area  after  the 
other  factors (model I) had been allowed for. The effect of 
the significant climatic  factors  on butterfat production 
ranged from  $2.2f0.6 per cow for a “cloudy” November, 
t,o $ 5 . 6 1  1.2 per cow for  a  “sunny” January. It is esti- 
mated that  the “value” of these  variations  for  the  Master- 
ton County were from $9,000&2,000 to $23,0OOf4,000. 

Butterfat production was also closely associated with 
climatic  variations in the  Waikato  County,  the significant 
climatic  factors  in  this case being associated with  county 
income variations of over $200,000, the  amount per cow 
being assessed a t  about $2.6 for  a  “wet”  October, $2.8 for 

a  “wet” January, and  a  “wet”  Februa.ry,  and $2.0 for a 
“sunny” January.  The  importance of “wet”  conditions in 
February was  a  particularly significant feature of the 
analysis, the squared partial correlation coefficient show- 
ing that over 90 percent of the variations  in total  annual 
butterfat production were “nccounted for” by variations 
in the  February rainfall. 

In Waimea County, two of the four significant correla- 
tions were for pear  production,  a  winter  and :L 
“dry”  summer being associated with “increases” in pear 
production valued at $36,000& 10,000 and $42,000 & 
10,000 respectively, for the combined Nelson and  Mapun 
Fruit  Districts. 

All three significant correlations for the Marlborough 
County were for oat production. The most  significant of 
the  three was  November  sunshine,  a “cloudy1’ November 
being associated with  an “increase” in oat yields valued 
at S3.4f0.8 per acre, compared with $1.83~0.6 for :L 
warm” January and $2.0&0.6 for n “cool” Febrntw. 
In  the  other  county,  Southland,  three of the  five 

significant correlations were for  wheat.  In  this case, the 
January  and  February sunshine  variations ewh “ac- 
counted  for”  over 70 percent of the  variations  in  the  annual 
wheat  production per acre. 

L <  

AGRICULTURAL  FACTORS 

Of the 24 partial correlations significant at  the one per- 
cent level, 10 were associated with  butterfat production, 



January 1968 W. J. 1 

five with  oats,  three  with  wheat,  two  with  barley,  two 
with  pear  production, and one with wool production  per 
acre and  apple production  per  tree. The  wheat  and  butter- 
fat associations are now  examined from  a  broad economic 
viewpoint. 

Wheat.-The three significant wheat correlations  were 
all for the  Southland  County. Accordingly, a comparison 
of the economic implications of significant climatic  vari- 
ations  on  wheat  production  per  acre  in  Southland  County 
can  be  made.  Table 4 shows that of the  three significant 
factors  involved,  a  “sunny” February  was associated with 
wheat yield variations  valued at  $lOO,OOOf 19,000 for the 
County, compared  with $92,00Of 19,000 for the association 
with  a  “cloudy” January,  and $52,0OOf14,000 with a 
“dry” October. It is therefore suggested that a  “sunny” 
February, associated with  an increase  in the  wheat income 
of the  Southland  County of $100,000f19,000, has twice 
the “economic effect” of a  similar significant climatic 
variation  (“dry”  conditions)  in  October. 

Butterfat.-The major  feature of the analysis, however, 
is found  to  be  the significance of climatic  factors in their 
influence on butterfat production.  Indeed 10 of the 24 
partial  correlations significant a t  the one  percent level 
were for butterfat production.  Considering all 10 corre- 
lations,  including  four  for Waikato  County  and five for 
Masterton  County,  the effect of a significant standard 
deviation  departure from the average  varied  from $2.2 to 
$5.6 per cow. 

The  value of these  variations  per cow  when related  to 
particular  areas  fluctuates  considerably,  and  depends  (in 
this case) on the  number of dairy cows in  milk. This is 
clearly  demonstrated when Waikato is  compared with 
Masterton. In  Waikato  County  the  “county  value” of the 
variations in butterfat production as discussed above were 
over $200,000, whereas  in Masterton  the  equivalent 
“county  value”  was in the range $9,000-$23,000. These 
values  are of course only  an  index of the  total  value of the 
variations  in  butterfat production in the  two areas. In  the 
case of the  Waikato  County, for  example,  a  more  realistic 
estimate of the  total effect of a  significant specific climatic 
variation  on  butterfat production, and  the  subsequent 
variations  in  the income  from butterfat,  can  be  obtained 
by assessing the  number of dairy cows in  milk  located in 
the  Waikato  County  and  surrounding areas. A first  approx- 
imation of this could be  taken  as  the  dairy cow population 
of the  South Auckland Land  District which  in  recent  years 
has  totalled  over 750,000. (This  represents  nearly 40 per- 
cent of all dairy cows in New Zealand.) Accordingly, if the 
“values  per cow” in  the  Waikato  County  are  taken  as  an 
index of the  variations in butterfat income per cow for  the 
South Auckland  area, it can  be suggested that a significant 
climatic  variation  such  as  a  “wet”  January is “worth” 
about $2 million to the  area (750,000 cows X $2.6 per cow). 

Based  on the period 1936137-1959/60 the probability of 
a  “wet” January  (the significant month discussed above) 
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is one  in six, compared wit2h a  probability of one  in eight 
for a  “dry”  January. The analysis  therefore  indicates that, 
if the climate at) the  Ruakura climatological st,ation is 
taken  to  be  representative of the  climate of South Auck- 
land,  then once in  about six seasons a  “wet” January will 
be associated with  an  “increase” of about, $2 million in 
the income of dairy  farmers of South  Aucklmd. Con- 
versely, it might  be expected that a  comparable “fall” in 
income  would  occur  once in  about  eight seasons as n 
“result” of a “dry”  January.  These  substantial  variations 
in income thus provide  a  measure of the potential economic 
importance of significant climatic  departures from the 
mean,  as  they affect butterfat production  in  South Awk- 
land-New Zealand’s premier dairying  area. 

6. CONCLUSIONS 
On a world scale climatic  variations in New  Zealand 

are  relatively  small and  the  country is  generally favored 
with “good”  growing conditions. It is clear, however., 
from the  above  analyses,  that significant variations do 
take place, and it is  equally clear that  the effect, of such 
variations, in a country where over 90 percent. o f  the 
foreign exchange  comes  from the sale of agriculturnl 
produce, is of fundamental economic concern. The  lirnih- 
tions of t’he type of analysis used are fully  appreciated, 
and it is clear that much more research must be  done 
before the  quantitative assessments discussed can be put 
to  more  practical use. Nevertheless,  this  paper  has sho\vn 
that,  in some areas of New Zealand, i t  is possible t,o 
measure both  the probability of occurrence and the effect.s 
on farming  income of significant climatic  variat,ions as 
these in turn affect agricultural  production. 

It is envisaged that similar  investigations, not ho\vever 
confined to agriculture, could be developed for. certain 
regions of the  United  States  and  Canada. If several pilot 
schemes  were made,  the overall results could lead t.0 the 
formulation of what one could call an “econoclimatic 
model’’ in which the effect of climatic  variat’ions on the 
total economy could be assessed. 
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